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(54) METHOD FOR DECIDING COVERAGE FOR SPECIFIC GEOGRAPHICAL AREA 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system that 
can dynamically decide a cell coverage in a wireless 
communication system. 

SOLUTION: The system to decide the coverage in the 
wireless communication system uses location 
information as to a wireless unit to collect information 
relating to communication between the wireless unit and 
the wireless communication system in cross-reference 
with the location information. The wireless 
communication system decides and/or receives the 
location information with respect to the wireless unit with 
other information related to the location information. The 
information for every location can be used to represent 
the coverage for a geographical area. For example, in 
the communication between a serving base station and the wireless unit, the serving base 
station receives and/or decides a signal quality measurement value of a forward link and/or 
reverse link in a specific location. 
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(54) ^<oflfi3ae<j««fc^iriTOAAp->?sft^rs*js 



(57) imm] 

[till] !7^i-U^ilff >>^^^(cjott5ir/U^y^ U 




X 

7/ft^i=yh (54) Cowt<?)D^- ->3 

fflMKn*-— $/ 3 >(c BBil-5 5> ftfcffif « Z>*"ry7 
b, 

nfeStrre««S:K*» (5 6) CSS^^y^tSrtt 

[f» 2 ] miBft^i" S^f^JJj: TJ^ 5 * =r y 

^^\y^=L- y h (5 4) fc*3tt<5fl&|Bn4r— -> 

MIEn^— j:t5SulE!7>r^r U^d^^ h (5 
4) ^^<OS(rflBW«S:H(rlBX*H (5 6) Icig-S;*^*;, 

^ ^-rs r t i ia*o*is 0 

~y V (5 4) ^jSttSWlBo-Jr— VSr»*fc» 

wmV^^T Ix^jx-o, ( 70 ) Kjffi^SftfcG P 
S§:ff^ (7 2) Sr*ffli-a^ys/^«r*tfCi:«:»« 

<b-r^f»*3S2ta«<7)^rjfe 0 

[st*:JS4] mew*^**^*:/^ mmmmm 

(5 6) ^5>gfB £*ifc4>#< i fc l ocoft-^-(c:ov>T 
£ 1 0(7)ff#B P p®ffl^Sr, SfrEn-jr— ^> 3 
f^*3tt6!7>f <>rU*z3-=. y J. (54) tCct^H^T-r^^ 

[ff#3S5] ffi|a!7^ir l^^—y h (5 4) frh<D 

mmvtr—i/3>&mmm (5 6) laDsets^f 

So 

[»**6] Sutes*^ (se) ^ba«a5*tfc*4 

< fcfc 1 ooft-»ld*5^5/Kc< irfc lo©fltfiUl|| 
ftOJB3t«3&»64DfcW|a!7-f + ^3L=y h (5 4) 
^6«)fllf««r*«SJB (5 6) lc«fc flSffl-S^T^^S: 
£ t £ £ + l Ett<D* «s 0 

(5 4) frh%.m£tltz.'pt£< t h 1 0<7}{f 

(5 6) fcj; 9 UtTi-S^T-^-^Sr^r-rsci bZW&b 
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[fftsfc^gl 1] p^3>Ml#S:ftit5^fy 
i |£^<7)^ffi 0 

is»*« i 2 ] ttT&<Di&mft&m\zM+&mBmKft 

70 !7-ftl/^^^«7h (54) {^O^TCDn^ — ^>3 

6) {cxvnzxTyyt *#-tz>z.b&%fmt-fz>}j 

[f»*35i 3] StfE*^**^ S&fE!7^-V 
^ h^^StJlEn^r— v-3 ^S-Sff-f-^^'r 

[M*ai4] WEW**:****^^**, 

(5 6) d»&Sft &tift'J?ft< 1 1 lo<off#^ov^T 

» <D'ptz< t h lotom-^p^Ksy^coffl^e^b^cfcW 

^^r> r7^^u^^^o,h (54) ^bSfft^^r ^/ 

fc^/^< ^ *> i ooft^e 5 />^< ,v ^ i o<om §p°pf 

1 2fEift<^£: 0 

6] Btrf5«$g^SfrlBn^--i/3 ^fl|f*^J; 

vmfe^zxTy^&^ttzb&ftmb-fzm&mi 2 

1 6Eto*ft. 

v^3 >u<D\sn^xxfmi&m^^^x<D Y^y ^ y?& 
WSrEttt-t-S^T 1 y ^*r*b r t ^^m<t -r^>it*^ 1 
6|2*o^fi 0 

^UX^~y h (5 4) fdOV^T^n^ — i/s 
Wimu^f-Y l-X^~y h (54) ©P^-^gyCJ; 
WIBI7^ + ^My h (5 4) &i*<Ot: 5fc«T.E!7>r 

50 [0 0 0 1] 



3 

^^a=5/M:Wt5a^'>3> 

[0 0 0 2] 

*^-~v h 1 2^SM-VU*ilff 
-f-fl^Hft is*'? J* 1 OOfitBSSr^-fo 
^1811 i: 9 toft, y^u*^- y hPJJtwa 

JH (PSTN) 2 2t8«f5 0 M S C J: *9 — tf X 
[0 0 0 3] 0 1 UlTj^axTV^J; 5^, •$ 

t/Uf4lo©S*« SW24a-g) 

^ Sifi»tt, -t<7>-fe/ni3<7>i7>r^u^3.= s/ h ^aft 
-r*^t? Q mmmte, wmtbm%z i 4^msc i 8 1 

ffiffl-*"5i£ff 3£BSr-&£f 0 1 o<Z)ir/HJ--< hfi, # 
[0004] r7^-^r u^ir/u^iiff v-^^^t^^v^T, 

fix— * stuh^ y >^fc<tt/ia*itfjy >-?&fti,xm 
«u mJSfrtiy sm-* 

[0 0 0 5] !7>T + U^3.= 3; h*£tf£»«as-fe^9 

B»»«*7C»« (T DMA) N Mttft4MN£5ettK (F 
DMA) , W#»W#tc»« (CDMA) *ifSr^tf» 

[0 0 0 6] 

[^WLi5tt5!SI] ?We, fdma, td 

MA, CDMA&JctfG SM (Global System for Mobi 
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le Communications ) (Cjol^T* ir/Ui^^f V^f 7 >^ V 

[0 0 0 7] ^Lt, Kx^r^x^ h*5J:VA^^«tS 
<o«ffl^*5V^HtT$ix5o tit, SSfSr^x^ 

»«Sv#- F^Mlt, RFttig£*j§{br3w<t £ 
[0 0 0 8] 

> ^ T- A O ffl <D iift O V * T <£> f»« ^JKft i" ^ 46<0 
^f^CStSc 17 -V U^aft v-^x A tt, n /r — 

J0 [0 0 0 9]ff|^fl tr V ^ (serving) 

^■^u^ji-y h t<Dm<Dmm comic, 

/*feliiSJ*ift y ^^oft*fi«ta«fl|[Sraft«J:tr/ 

**is J: /* fcttgftr S c i: * So 
[0 0 1 0] Bflig<5tt&*xfc»*«:, 17^-Vux^^.-/ 

J:5 4ifittttftA<?p< — **y ^^$ttt#-5 0 

— ^>3 >-ic^oi>-c r7>fir u^jx-^ M:f-tr^t5S 
i&/i<£>J;5&, foS o v-3 >-{c:jott5 57^+ 1^^^. 
— y ht if (OX o\z.y*i irU'^afa v'^xA^afti-^ 

ft^-r s «: t ttffl * n» 5 o 

5(7 [0 0 11] 1 OCOn^r— V^/cfin^ — C/3 ^(7) 



5 

«tO, 0#»k F77^y^S, ^°^a**5J;tJ« 

ten v-3 >-co^(S{c:fo6 7^ftl/^^-7 

ti5RF*^i/- ^^t^; s/^i*fb* h y # (tr 

igger) L#5„ 
[0012] 

- y h l:o^t<7) o ^r- 3 Lt l/- 

^«rft*i-*fcfe«>-|tJfc»*3ftSKT*i:RW4ixa. HI 
2fi, 4>#< £ t 1 oof- ifv^SifiSiriifS LTl^ 

ffltt, XKMUattft (RF) #^u-^£^-r5fctf> 
CDv-;*^ ASr-g-fry-f -V l^ilff A 5 0(7)— 33 £r 

tfSJVg^fc**, B*»k 5S«, EKteJ; tf/S fetter 

[0 0 13] 7^ft^^^ h^XNbA jriifg Ltv^ 
5 TOM, RF^;^ u — Afi > y-T -V i/^jn. - ^ 
hi3J:t//*fcfiU^— tf>^ (receiving) S»»(^*5 

v^T#&Jxa««flr*§ME (RSSI) , ^MR94i 

(BER) *3<tV/*fe«7U — A»!9* (FER) «: 

^<^#£m^p p pK®J5£M<D X o *iilnfi«iftf»«*5J:W/ 

->g >-if#£<£ffi It, RF^/^-^^t; 
[0 0 14] Witf, ^^-VU^^.- >y h<7)n^ — >> 3 

[0015] — **»iiiic*5v^T, y-r-T-u^oL^o, h 

S/g y hb/Sft L/fcfcU 

(RSSI) , t'y bmvm (BER) , ;7 

j*mK>m (fer) i&rtttom-^fljmift^ijft 
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So IrJB*^ Sj&jf 5 6lt RSSI, BER, FER 
: ? J r*/i'±<D7'(-Y\sX*-~*/ b 5 4^e><DiSft/3iffiSt 

[0 0 16] RF^^U- v^— ^fd^ttS^v 5 

[0017] y^u*^^ igjgs^i^ 

v^sj«fc$nsr hy 7t/$tbT, o^-^3 
> b y ^ffc j: 9 h y ^fsnr*3 

[0 0 18] !7^iru^3.^s/ h**6*— tr^^aEJftJB . 
-i^ff Stiver ^-^> 3 vflJ«*5 < tv/*^:fiBBa«* 

/H©SACCHSfcttFACCHI:fe^T> IfV 
LTi^feix^So 3I« Jti5n^ ^>3 

[0019] l3A(t lo^I7^tU^ano/ h ^ 

p-ir— >g>tt, »7^ir u^jx^y h^jov>r, fcf 
5^ >^»*»^ov^T^^m««*(o«*fi«a^«i[R s 



7 

SI, B ER3oJ;t/F ER N 7 J ^ y y # j 

• ytT - \s-7t (time or reference ) Sr^oT 

«U ftll(^u>r-^ 3 ^^tmm catr—isa >-<$<D{&<D 

[0 0 2 0] tr>^*«fi»(7)gfff«|jB««t*3 < ttJCi7 
cbfC^P^T, MS C 5 8*5j:tf/Sfctt:U— tf 

t\ t7-riru^3.^ y h 5 4 Srgffiu y^-yu*^-- 

y h(Oo^i/ 3 y|:»LtiCOSiS6 0 a - h K*3 

[0 0 2 1 ] ^GOWCifc^-C, BoS«S6 0a^«trr 
b J3\ SjiftJIj 5 6 <£tF6 0 c — h <7)N= 7 CDir/U^ y 

Wr — i/B >>%>£Xfffl<D/<y*~ f&lzutr— i/a >-gp 
So #J<7V<^-*f2 N #^S*«5 6*3j:t56 0 a 

h 5 4S:t-^ L4fcl«atSfc»lc, m<D 
mmm6 o a - h Srffiit 5 ^ <b l: J; 9 S45SJfi^|: 

[0 0 2 2] 9J3ttt*fcttf»«tt, »#5^5ttf>««* 

te> X — ^*<<— ^ 5 2 fc, lOOW^K^OD^r- 
v"3 >^*J-fS<@53'J^ffi'J^M<b It, «ttf»3E©o*' 

LTSBttS*t»5. 

[0 0 2 3] U «lL*fcttttfflt5fcft 
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o««tt, Ltf&<OM»f^3?n, SfcliLfi&< <£>Pfl 
70 [0 0 2 4] ftSCDn^r- v/g >*:fc<fc T/0*WlKo^-C<Z> 

««rS;ft»3 0 Mitt, SWS^)p^>> 3 y|: 

50 10 0 2 5] tfSlt P^gySCSiStl, 

t#S 0 mx.lt, T-^^^SrfEltL, »WL4fc«:3E 
[0 0 2 6] -t It, ^-^-<-^ 5 2tt % ^(Dti-g. 
y Y%tL\Xm-&(D^y ^^^tbS^^ h y 

^*7tli»>^> K^©W*o-fey hfclfe«)6ix#a. 
[0 0 2 7] ^<£>n^—>3 y(I»t^1f«^\ 
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[0 0 2 8] ^<7>*lS»«tc:fet^T, 3iV h y f»<£>ti?« 

j&i-z&mmti p Fw§:tt ^^-f^u^^^^^^ — 

-T5ff-^p a pKffliJ^MR S S I pb, BERpb, FER Fb , 
RSSIfw, B E R Fw*3 J: 1/ F E R fJ-^C t S Siftl 

&mm$i%tFB, u-f^u^^-^ bmmmm%cFvi co 

[0 0 2 9] *«6JBIB^J:oT, {f^-p 0 peSiJ^E^fcd 

^ 5 B#IHI <D R] <B Sl5£«ff fi^ft # * Hft 

»5 0 ft#fft^ i o<d^> h y te N flaS'J<7>a'J^ 

b k<Dr$<Dmmiz%i ^xteztmz. 

[0 0 3 0] fH/S^oT, 4*^(Diry h^^N°^^— ^ 
**Li:*fcKtt£ft*:^v h y fe<£>/^ ^ — ^ 

[0 0 3 1] #^V— ^-^->M*, 

[0 0 3 2] El 3 C(in^-i/ 3 > 'x' f^BI 

u^rL-^h ' Z ' 5)»it)ttt/^>-;t* 

l-*ti-Si3lfSf8*Ppb*3«tVPFw^J: 3fttO-CJ>5. 
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[0 0 3 3] -t^)J: 5^o^— VS<^ffi«fi, El 3 

tttt, > 3 h y So^<73t*#£^^:> 

[0 0 3 4 ] Bff^mS^<i«CdoV>T, !7^tl^^^x 

iCioV^T, !7^t^3.= yh7 0lt GPS §ff j&[n] 
7^7 6 {zm%ft£tifcy*^y p l'?y- 7 4^bGP Sfg-^ 

[0 0 3 5] 3*#fc±9S#Sft5«fc5fc:, ®M<dg 

P S£ffttllHj&7 2f*. D^r— > 3 y)t«S:!7^t^ 
h 7 0(D^SIe3K7 8jcffi«f5o D^r-v-a >- 

«t*5«tW/*fctt*lPl«:**»a o ^SlUSg 7 8 tt, o 

So 09x.fi* ffliSlelBS 7 8 (i H GP S^aiHlK^tj^D 

30 ^-e#-5o 

[0 0 3 6] ft3f3aiHlK7 8tt,- n^r— > 3 VtSffiSrig^O 

^-e#So o^— >av««fi, ^—^>ymmm^<D 
[0 0 3 7 ] mmmm^x^x, 7^ti/^yh7 

S*^5 4 (12) 0^3 >*«*5«tt/BBiS-t- 

sm^p 0 pH*^^ft!i^«l8^^ff-r5Ci^ T ^^ o ^ 

^yuictoT, Silfi«i:!7>f iru^a.^iy h i:<oKJfcai 
ScS*t5MB*W*5«ttJ«iS!*iBiy v^tt, »*5«3fiSr# 

t^o T I A/E I A - 1 3 6 ("IS-136") 
5<? J:«9A&«SiX^^*TDMAfC*3V^T, mft&lV 
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[0 0 3 8] n*— > 3 >*3J:VHilflMBtt, 0»Jx.tf* 
*^7U-AOttiiBBiil||J»p^ir*/U (SACCH) 
»4fctt*T*T7 u-AcoS53tlJB5g*JW^-^^/u (FAC 
CH) W*|fii*^ + *^S:^L-C, t7>T-V 

(A/D) 8 2 frh<n^V5 ;V^-pm -%>h#?\Z.s p/r — 

[0039J mm 

ft, ^H2£8 6te, 3£#iEXffiffl*>:7 — r 

>^ (DQPSK) Sr^LTm-^Sr^IHL, Ccoff# 
SraS«<Ofc»<Dr^n^Mil»««» (RF) 
S„ ftttAjKft (RF) 4IW4B8 8JC*5V>Ti« 

80, £m«8 6, if*g££88, f^/U^f74io t i: 

[0040] > 3 >ff$gy h^gft-r^/c 

R Fff-^li, T^ s r-T7 6 l^ii3V^T*fll £*K 7* 
4SriiLTRFa««*>«tt5ttP»9 OiC 
}K£ft£ 0 RFS««fcJ:tf««il»0lS9 Ott, RFfi 

IHU trottfftSr^^^/ujgSTf a-yy o y ^ 9 2 
[0 0 4 1 ] ^dir y W^/^a — 5, ^ 9 2 

iw«{f*<^r*t0M y — tr^*\ pf-^tx 
^ 3 >ft$&y ^ h<D£ oft 1 ?— $\t ?rifi, 

ti. K 1 0 2 SrttS^^-tV y ^ 7x—» 
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[0042] msiz, *&w<Dj%miz£ *> y^u*^. 

-^5 4 (12) ^6t-f>^Si6fl5 6 (H 2) 

2 (0 2) 4>^o^r — v^ 3 ^43it5BB 

7D-ft^K*fc^o ^D7^ 1 l Ol:io^t, n — 
— ^tlir-^^-^l 1 2 (0 2) fi, 
/<? MSC5 8 (02) tdSJ^^ttfe^-Y V^-^^— ^5 

2 (02) a»&tt»ftsfta. 

[0 0 4 3] x-^m, Sff^ft, ^< ^Jii^fffSSg 

^> 3 y|:Slt, tr>'^S«fiS^*(7>/K^'>3 > 

[0 0 4 4 ] ^^IIJE^fi^V^ 

5- ii:ftot^5*^ 7-ft^^yh54 (0 

(:o^t^)p-^;!/f"^^^ 112, MS C 5 8 
(02) Sfett-tti^b 

^l^^T, »7^tl/^an> 7 h54 (0 2) tCO 

tr>^»«6»5 6d«ftftSixSo :o^?^^tt, 0 

[0 0 4 5] 0iJx.tf, !7>f-^U^3.= s/ N^Hjjg^Atb 

40 ? hte*tr— is 3 >W**5i:V!7>f ^ru^jx^y 

jx- y h54 (0 2) ^P^r-v/g^S, MSC58C 

C Wfrft^M S C 5 8 C i ^t* # 5„ 

SO [0 0 4 6] 4fc, U + u^oL-y h^^Sri^TS 
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•£*fcl*BHte-r5»£\ !7^fi/^3/ Mi, h 

p-#/Ugiffi/iJi % n-Jr— *> 3 

fc#i*^6#6nfcf»«fcoittt^«t9, if— trv;/ 
S*S* s »5:^Stb. ^JctV/S^fi-tCOo^r— > 3 

fclt5!7-f ir M-o^TcoHi^rfniy :/^*5j; 

tf/*fcfiiS!#fijy v^«***5J:VBf^v^n35^ 

[0 0 4 7] 2 (02) ^^tb^rci 

fS-r5S*»^«t 9, iHJti, ttM£ft 
1\ £*:Ji^H£*L#5 0 U:^ot, roHJEJgfgi;: 
^v>t, ^^cd>>^ > K£*fcliKjfJ^7 7<--^**:fi 

~* 1 1 2fi, aaE^-fety h<P*ft*fcfi^p<— 
x.> h y -C4D*{fc*ix#». 

[oo4 8] Ki>*fcii»fp*flsasjefbrai:, 

'VWXHk£ti'&Z>o F/^fyf^r 

So 

[0049] ^05/^1 13 l£*5V*T, MS C 5 8 (0 
2) fi x t-t'y^S«5 6 (12) *5«fctf/*fcte 
^-rtl^(Dm<D^/^% 0 a -hiC, ilfS^I^U 17^ 
t^^xyh54 (0 2) <7}P^ — y 3 yg^ *5 «fc 

ite^con-^/u^-^^-^ l 1 2#J:tf/*fcfiRtf> 

3i&/fj 6 0 a — hOD-^/U-f-^^-^ 1 1 4 a — h 

SriS«WtcK*f*^fi«5fErSo fiJltf>'*7 * — * fi, v 

[0 0 5 0] iifS^ffll::, $fcfi:/p ^11 5{C*3V> 
(12) fc«ttf/*fcli|»WJS«6»6 0 a -hfi, 
*fcfi»Jj£fiftf>J: 5 ir-^^!7^t^^n7 h 5 4 
[0 0 5 1 ] hT^-feA^i, p^—>3 >"W«*5«t 

Kfffig^ b#fm^ eft. m&mwib? 



(8) 2001-136121 

14 

* h y ^i5jK3S:*^liteo^^^/uajfi»<7>ct 5 
iS5-t^x*#5 0 v^-fix^iS?*ifiiy is?mi&®c<Dm 

fi, V<i -yuxzl^v Mcft^TWSC If— 
[0 0 5 2] $l<7)£ife^6 0 a - hli, n^"— >3 Z/ff 

70 fc, M S C 5 8 * ^ LTt- tf y /S«Slc «t 8 y ^ x 

* h*ft<5 (Sfctt, y V^^*«s»BIfc#: 

£fcfiMS C5 8|:J:*)y ^x.* h^ti-SCt^t^, 
ffifc«tl9, y^ty^^.x 7 hfi, fioiM 6 0a- 
[0 0 5 3] 0)Jx.tf, i^-e'>^S*^fi, o^r— i, 3 

MSC*5J:t//*fcW:|»©at»»^IE1«Sn*fcri 
^S^tt^J: ^^^a«S»*5J:t5/**:li*t 

[0 0 5 4] tMi:i;otft h 5 4 

yir — ^SrjSfflWJC^575\ */dfiP >5r— > 3 >y y-fe 
^fcJ:tf/4fctt:|»<oa5*fflfi, h y s ^Sr 17 

^--^ hKHigf»#4fcfiai^|tt r #-t-*n^— > 
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1. A method of determining coverage for a particular geographic area, 
said method CHARACTERIZED BY: 

determining a location for a wireless unit (54); 
5 obtaining information associated with said location; and 

sending said location and said information associated with said location to a 
base station (56). 



2. The method of claim I CHARACTERIZED IN THAT said 
determining and sending includes: 
10 determining said location at said wireless unit (54); and 

sending said location and said information from said wireless unit (54) to said 
base station (56). 



3. The method of claim 2 CHARACTERIZED IN THAT obtaining 
includes: 

1 3 using a GPS receiver (72) integrated with said wireless unit (70) to obtain said 

location at said wireless unit (54). 



4. The method of claim 1 CHARACTERIZED IN THAT obtaining 
information includes: 

performing by a wireless unit (54) at said location at least one signal quality 
20 measurement on at least one signal received from said base station (56). 

5. The method of claim I farmer CHARACTERIZED BY: 
receiving by a base station (56) said location from said wireless unit (54). 

6. The method of claim 1 CHARACTERIZED BY: 
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receiving by a base station (56) information from said wireless unit (54) 
resulting from a measurement of at least one signal quality measurement on at least 
one signal received from said base station (56). 

7. The method of claim 1 CHARACTERIZED BY: 

3 performing by said base station (56) at least one signal quality measurement 

from at least one signal received from said wireless unit (54) at said location. 

8. The method of claim 1 CHARACTERIZED BY: 
storing said information in association with said location. 

9. The method of claim 8 CHARACTERIZED IN THAT said storing 
10 includes: 

storing said information by location and wireless unit identity. 

10. The method of claim 8 CHARACTERIZED IN THAT said storing 
includes: 

storing said information by location and traffic load for a base station. 

15 11. The method of claim 1 CHARACTERIZED BY: 

providing a location trigger; and 

performing said steps of determining and obtaining in response to said 
location trigger. 

12. A method of determining radio frequency coverage for a particular 
20 geographic area, said method comprising: 

determining a location for a wireless unit (54); and 

obtaining by a base station (56) information associated with said location. 
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13. The method of claim 12 CHARACTERIZED IN THAT said 
determining includes: 

receiving said location from said wireless unit 

14. The method of claim 12 CHARACTERIZED IN THAT obtaining 
5 information includes: 

receiving from a wireless unit (54) information resulting from a measurement 
of at least one signal quality measurement on at least one signal received from a base 
tion(56). 



15. The method of claim 12 CHARACTERIZD IN THAT obtaining 
10 information includes: 

performing at feast one signal quality measurement from at least one signal 
received from said wireless unit at said location. 

16. The method of claim 12 including: 

storing said information by said location information. 

15 17. The method of claim 16 CHARACTERIZED IN THAT said storing 

includes: 

storing said information by location and wireless unit identity. 

18. The method of claim 16 CHARACTERIZED IN THAT said storing 
includes: 

20 storing said information by location and traffic load for a base station. 
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19. A method of determining radio frequency coverage for a particular 
geographic area, said method CHARACTERIZED BY: 
determining a location for a wireless unit (54); 

retrieving stored information by said location of a wireless unit (54); and 
5 using said stored information by location to determine how said wireless unit 

(54) at said location communicates with said wireless communications. 



3 . 
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Background Of the Invention 

1. Field of The Invention 

This invention relates to wireless communications and, more particularly, to a 
system for determining cell coverage in a wireless communications system using 
location information for a wireless unit 

2. Description of Related Art 

FIG. 1 depicts a schematic diagram of a wireless comnrunicati ons system 10 
which provides wireless communications service to a wireless unit 12 that is situated 
within a geographic region 14. A Mobile Switching Center 1 8 is responsible for, 
among other things, establishing and maintaining calls between wireless units and 
calls between a wireless unit and a wireline unit (eg., wireline unit 20), As such, the 
MSC interconnects the wireless units within its geographic region 14 with a public 
switched telephone network (PSTN) 22. The geographic area serviced by the MSCis 
divided into spatially distinct areas called "cells." As depicted in FIG. 1, each cell is 
schematically represented by one hexagon in a honeycomb pattern; in practice, 
however, each cell has an irregular shape that depends on the topography of the 
terrain surrounding the cell. Typically, each cell contains a base station (evg. base 
stations 24a-g) r which comprises the radios and antennas that the base station uses to 
communicate with the wireless units in that ceil. The base stations also comprise the 
tra nsmissio n equipment that the base station uses tn co mmunica te with the MSC 18 in 
the geographic area 14 via communication links 26a-g. One cell site may sometimes 
provide coverage for several sectors. In this specification, cells and sectors are 
referred to interchangeably. 

In a wireless cellular communications system, a base station and a wireless 
unit communicate voice and/or data over a forward link and a reverse link, wherein 
the forward link carries commumcation signals over at least one forward channel 
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from the base station to the wireless unit and the reverse link carries communication 
signals on at least one reverse channel from the wireless unit to the base station. 
Within the geographic region M.theMSC 18 switches a call between base stations in 
real time as the wireless unit 12 moves between cells, referred to as a handoffl There 
5 are many different schemes for determining how wireless units and base stations 
communicate in a cellular communications system. For example, wireless 
communications links between the wireless units and the base stations can be defined 
according to different radio protocols, including time-division multiple access 
(TDMA), Frequency Division Multiple Access (FDMA), code division multiple 
10 access (CDMA) and others. 

Currently, in FDMA, TDMA, CDMA and Global System for Mobile 
Communications (GSM), cell site planning is required to determine the geographic 
coverage for a cell. Cell site planning is a manually intensive task that needs constant 
adjustment. In planning a cell, the topology of the geographic area and a suitable 
15 antenna site is selected based on availability and zoning rules. Such a selection Is 
typically not optimal but adequate. Drive tests and manually collecting signaling data 
are then performed mostly on the perimeter of the coverage area. Transmit and 
receive antennas and power are then adjusted in a manually iterative manner to 
improve the call quality. Sometimes, frequencies are swapped with neighbor cells 
20 and/or transmit power is readjusted to improve the coverage. Over time, the cell site 
engineers review customer complaints and cell she dropped call reports and again try 
to manually optimize the RF performance. 

Summary of the Invention 
23 The present invention involves a system for determining coverage in a 

wireless conimunications systems using location information for a wireless unit and 
collecting information on communications between the wireless unit and the wireless 
communications system in association with the location information. The wireless 
com mu nicati ons system delermines and/or receives location information for the 
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wireless unit along with other information associated with the location information. 
The information by location can be used to represent the coverage of a geographic 
region. For example, during communications between a serving base station and a 
wireless unit, the serving base station could receive and/or determine signal quality 
5 measurements of a forward link and/or of a reverse link at a particular location. 
Additionally, neighboring base stations can monitor the communications and 
determine and/or receive location information for the location of the wireless unit 
along with the information associated with or corresponding to the location of the 
wireless unit The associated iriformation can be linked with additional parameters, 

10 such as wireless unit type, wireless unit identity, frequency, operating conditions 
and/or base station identity. In accordance with other aspects of the present 
invention, the information and/or measurements stored by location can be used to 
derive additional and/or different information by location or determine how the 
wireless communications system comrmmicates with a wireless unit at a location, for 

15 example the base station to service me wireless unit at the location. A wireless unit in 
a location or range of location^) could be served by a serving base station^) at a 
certain transmit power and frequencies given certain operatin g conditions or 
parameters, such as time, weather, traffic load, path loss and/or intolerance level. A 
change in operating condition could trigger a dynamic change in the RF coverage 
20 provided by the serving base station(s) and/or neighboring base stations to the 
wireless unit(s) in the location or range of locations. 

Brief Descmttion of the Drawings 

Other aspects and advantages of the present invention may become apparent 
25 upon reading the following detailed description and upon reference to the drawings in 
which: 

FIO. 1 shows a general diagram of a wireless communications system; 
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FIOs. 2 shows a diagram of a wireless communications system incorporating 
an embodiment of the handotT system according to certain principles of the present 
invention; 

FIGs. 3A-C show information by location of the wireless unit in different 

5 forms; 

HO. 4 shows a general block diagram of a wireless unit which can provide 
location information according to certain aspects of the present invention; 

FIG. 5 shows a flow diagram of an embodiment of a system for using and 
updating an RF coverage database according to certain principles of the p re se nt 
10 invention; and 

FIOs. 6A and 6B show an example of how the coverage system using location 
information can be used in a portion of a wireless communications system; 

FIGs. 7A and 7B show an example of how the coverage system can be used to 
change the coverage tor a particular location or range of locations based on a change 
15 in traffic load; and 

FIG. 8 shows an example of how the coverage system using location 
information can be used in a portion of a wireless communications system. 

Detailed Description 

20 An illustrative embodiment of a system for determining coverage using 

location information for the wireless unit according to the principles of the present 
invention is described below. FIG. 2 shows a portion of a wireless communication 
system SO which incorporates a system for determining radio frequency (RF) 
coverage using location information for a wireless unit cornmumcating with at least 

25 one serving base station. The RF coverage system obtains location information for 
the wireless unit, which includes position, such as laiftuderiongitude, and can include 
time, speed, distance and/or direction. While a wireless unit is communicating with a 
base station, the RF coverage system can dynamically determine RF coverage using 
the location information from the wireless unit in association with additional 
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information and/or measurements, such as signal quality measurements which can 
include received signal strength (RSSI), bit error rate (BER) and/or frame error rate 
(FER), made at the wireless unit and/or at the receiving base stations), and/or other 
information or parameters, such as operating conditions, mobile identity, traffic load, 
s frequency, speed, direction, time and/or mobile type. 

For example, using die location of the wireless unit and collecting associated 
or corresponding data for the wireless unit at that location, the wireless 
communications system 50 can produce an RF database or storage 52 to represent or 
provide an RF coverage map for a geographic region serviced by a serving base 
10 stations) and/or neighboring base stations. In one embodiment, during a call 

established between the wireless unit 54 and the serving base station 56, the serving 
base station periodically requcstsAeceives/deterrnmes the wireless unit's position and 
receives associated information from the wireless unit 54, such as wireless unit type, 
wireless unit identity, radio signal strength (RSSI), bit error rate (BER), frame error 
IS rate (FER) or other signal quality measurements, of the base station's transmit signal 
at a known frequency, such as on the forward link traffic channel. At the same time, 
the base station 56 can perform measurements, such as RSSI, BER, FER or other 
signal quality measurements, of the received signal at the transmit frequency from the 
wireless unit 54, such as on the reverse link traffic channeL 
20 By storing the information by position in the RF coverage database, the 

information can be analyzed and used to determine RF coverage for a particular 
location, such as forward link and/or reverse link frequency, the serving base 
station^), handoff candidates, signal power(s^ The request from the serving base 
station 56 can be periodically sent, triggered by a change in the position of die 
25 wireless unit, triggered by a signal quality threshold^) being met, or triggered by a 
location trigger for which the wireless communications system desires information 
associated with that location. The wireless unit can determine and/or send the 
location information or the associated information continuously, periodically, 
triggered by position changes, triggered by a signal quality threshold(s) being met, 
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triggered by location triggers) and/or in response to a request from a base station. 
The serving base station(s) can request the sending of or determine the location 
information for a wireless unit using other triggers, fox other reasons and/or at 
different rates, and/or the wireless unit can request /send/determine location 
5 information or associated information using other triggers, for other reasons and/or at 
different rates. 

The location information and/or associated information transmitted to the 
serving base station from the wireless unit can be sent as part of a location message or 
report to the serving base station on a reverse channel, for example on the reverse 

1 o setup channel or in the SACCH or FACCH on the reverse voice or traffic channel 
The transmitted location information can include current position measurements 
and/or previous position measurements. The location information can also include 
other information or parameters, such as signal quality measurements, operating 
conditions, wireless unit identity, wireless unit type, direction, speed, time and/or 

1 5 distance asso ci ated with the current position and/or previous positions). 

FIG. 3 A shows an example of a location message sent from a wireless unit to 
a at least one serving base station. In this embodiment, the location is determined at 
the wireless unit along with signal quality measurements RSSI, BER and PER of the 
transmit frequency for the serving base stations), wireless unit type, wireless unit 

20 identity and time or reference. The time or referen ce field can be used to ensure that 
measurements made at the serving base station on the wireless unit transmit 
frequency, at other locations or at other wireless units in the same location can be 
associated with measurements of the base station transmit frequency made at the same 
time for the particular location. 

25 In addition to the serving base station's receiver measurements and the 

wireless unit's receiver measurements being stored by position, the MSC 58 and/or 
the serving base station 56 can send a message to neighboring base station(s) 60a-h to 
monitor the wireless unit 54 at the transmit frequency of the wireless unit 54 and 
collect receiver measurements at the neighboring base station^) 60a-h tor the location 
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of the wireless unit For example, during a call, unused radices) in the neighboring 
cell(s) 60a-h could monitor the call and receive and/or determine radio si g na l 
measurements by location and store the measurements by location. In mis example, 
the neighboring base stations 60a and b are in an N- 7 cell cluster adjacent to the N=7 
5 cell cluster of base stations 56 and 60c-h. The information can be stored in a location 
or RF database or storage 52 by location and another parameters), such as base 
station identity to identify the measurements by the particular base station 56 and 60a- 
h, to provide different sets of information by position. Additionally, information, 
such as base station transmit frequency and information, can be stored in the database 
to 52 for different base stations by using neighboring base station(s) 60a-h to service or 
monitor a wireless unit 54 in a particular location. 

The measurements or information can be stored by location with entries 
having different fields for the efferent forms of information or parameters. For a 
particular location, the information can be stored by particular base stanon(s) and 
15 further fields de s ig n a tin g time period, date, traffic density, weather, mobile type, 

mobile identity, signal quality measurements, certain operating conditions, frequency 
and/or other parameters. The information can be stored in different manners, and 
entries can be updated in different ways. For example, for a given base station and 
mobile type, the information could be stored in the database 52 as individual 
20 measurements for a location within a window, for example all measurements in the 
last seven days for a particular location. 

To analyze, process or use the information, the window can be narrowed to 
search by using diff er e nt r^aramcters, for example entries in the last month for a 
location by base station and/or particular wireless unit The information by location 
25 can be manipulated over time or used to derive additional information by location, 
such as an average or weighted average of certain rneasurements over time or for a 
particular times during the day and/or under different parameters or operating 
conditions. An average, weighted average, currrulative average or a function of the 
measurements for a particular location and time period and/or other parameters), 
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15 



20 



such as traffic density, can be maintained. For example, an average or weighted 
average of measurements for the location by base station can be stored based on 
measurements which arc over a month old which arc made between 3PM and 6PM 
and when traffic density is above a certam threshold leveL These measurements can 
5 be continuously or recursively updated or maintained using the current measurements. 
The information can be stored by location and linked to a particular base 
stations) to determine the RF coverage at particular frequencies and at a particular 
locations. A window of time could be used to analyze, retrieve or store Information 
associated with a particular geographic location and particular base stations). The 
10 window for measurement entries of a location can be based on a variety of 

parameters. For example, the window for storing; analyzing or updating the database 
can be determined by time and traffic density at that point As such, the database 52 
is kept current and any analysis or examination by location to determine RF coverage 
can be narrowed to a particular set of factors or window of entries defined by 
particular parameter(s)which are fields of a particular entry, such as location, traffic 
density, weather, time, date, signal level or i nte rference level, or by parameters or 
information derived from or a function of different fields in different entries, such as 
changes in path loss, interference and/or signal level. 

The information for a particular location can be obtained, manipulated, stored 
and used in a variety of ways derjen^ 
location information can also be obtained and associated with a particular location in 
different ways. For example, FIG. 3B shows example entries in a coverage data bas e 
for a location 4 X\ The location 4 X' can be designated by latitude aiid longitiide and 
include a certain tolerance, for example a radius of 50 meters. Other tolerances or 
23 ways to measure tolerances can be used, such as an area encompassing a certain 
latitude and longitude coordinate or a fraction(s) of a latitude and longitude 
coordinate depending on the 1 In this embodiment, the information 

in the entries is shown with a variety of parameters, such as base station traiismh 
frequency F Bf wireless unit transmit fiequency F^. corresponding si gnal quality 
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measurements RSSU BER^ FER^ RSSI^ BER^ and FER^ for communications 
between the wireless unit identified in the wireless id field of me wireless type 
identified in wireless type field with corresponding transmit power Pp. and the 
identified base station under the traffic load conditions designated in the traffic load 
5 field at a particular time or time period with a corresponding transmit power 
Depending on the embodiment, the signal quality measurement 
can be averages, weighted averages or a function of nieasurements over a time period 
or during the time a wireless unit is communicating with the base station at that 
location. Alternatively, an entry can reflect an individual measurement, and multiple 
io entries can be made for communications between the base station and the wireless 
unit for a time period at the location. 

Depending on the implementation, the number of entries or parameters for a 
location given a particular set of parameters or windows can be different or change, 
and the number of parameters per entry associated with and/or stored with a location 
15 can change or be different. For example, in the entries of FIG. 3B, certain signal 
quality measurements, such as BER, need not be made, or other parameters can be 
included, such as weather or speed. Additionally, the coverage database can have 
different informational structures (for example separate entries can be provided for 
base station transmit frequencies and wireless unit transmit frequencies) and/or 
20 include various database s in which the information associated with location is 
processed, manipulated, changed 

depending on a particular purpose for the information by location For example, FIG. 
3C shows information associated with a location 4 X* and another parameter, such as 
me identity of the wireless unit *Z\ which provides information or parametere 
23 particular wireless unit *Z' by location, such as the transmit powers P* and P^ for the 
base stations identified in the base station field and the wireless unit Z for designated 
transmit frequencies F B and F w at designated traffic loads during designated time 
periods. Such uiformation by location can be derived or processed from or can be a 
function of the information by location in entries such as those shown in FIO. 3B. 
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Furthermore, individual measurement entries can be stored and later processed to 
provide more useable Information by location. Alternatively, individual 
measurements can be processed to dynamically update certain information by location 
entries. The individual measurement entries can be stored separately, such as in a 
5 local database, then processed to update information by location in the local and/or in 
a main database. 

In certain embod iment s, the wireless unit determines and sends the location 
information and associated information to the serving base station(s) and/or 
neighboring base station^). With particular reference to FIG 4, a wireless unit 70 

1 0 includes OPS receiver circuitry 72 which receives OPS signals from a duplexer 74 
which is connected to the antenna 76 of the wireless unit 70. Alternatively, the GPS 
receiver could use its own dedicated antenna and/or receive cin^ritry. Through 
interaction with a GPS system of satellites and control centers as would be understood 
by one of skill in the art, the GPS receiver circuitry 72 provides a location 

IS information which can include time, speed, distance and/or direction for the wireless 
unit to the processing circuitry 78 of the wireless unit 70. The processing circuitry 78 
can receive the location information in alternative ways. For example, the processing 
circuitry 78 can periodically or continuously monitor the location information from 
the GPS processing circuitry. The processing circuitry 78 can manipulate the location 

20 information into an appropriate format and store any portion of the location 

information in a storage or memory. For example, the location information can be 
stored as a position for the wireless unit, such as the latitude and longitude 
coordinates, in association wWi the time, direc^ 

the particular position. Location information can be stored along with signal quality 
25 measurements of channel(s) to/from the serving base station as well as signal quality 
measurements for channel(s) to/from other base stations. 

Depending on the embodiment, the wireless unit 70 can transmit the location 
information and associated signal quality or other information to a serving base 
station 54 (FIG. 2) over a channel on the reverse link. Depending on the radio 
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protocol used to communicate with the serving base station, the forward and reverse 
links established between the base station and the wireless units have different 
structures. In North American TDMA as defined by TIA/EIA-136 ("IS- 136"), the 
forward link is composed of a forward voice channel and a forward setup channel, 
S and the reverse link is composed of a reverse voice charmej and a reverse setup 

channel. The location and associated information can be sent from the wireless unit 
to the serving base station over the forward voice channel, for example in a slow 
associated control channel (SACCH) portion of a voice frame or in a fast associated 
control channel (FACCH) of a voice frame. To do so, the location information and 
to associated information can be provided to a signal processing /coding block which 
processes the location information along with the digital voice signals from an analog 
to digital converter (A/D) 82, for example, by performing speech coding, channel 
coding interleaving, encryption ancVor multiplexing depending on the embodiment 
The analog voice signal to be transmitted originate from a microphone 84. As would 
15 be under stood by one of skill in the art, the signals to be transmitted are provided to 
modulator 86 which modulates the signals, for example using differential quadrature 
phase shirt keying (DQPSK), and converts the signals to analog radio frequencies 
(RF) for transmission. The radio frequency (RF) signals are amplified at amplifier 88 
and transmitted using the antenna 76 after passing through the duplexer 74. The 
20 location information or other information used by the handoff system can be 
transmitted over the forward setup channel using the coder 80, modulator 86, 
amplifier 88, the duplexer 74 and the antenna 76. 

To receive location information requests, the RF signals are received at the 
antenna 76 and pass through the duplexer 74 to RF receiver and demodulator 90. The 
35 RF receiver and demodulator circuitry 90 receives the RF signals and demodulates the 
signals, for example using DQPSFC The demodulator 90 extracts the encoded, 
encrypted and/or interleaved information from die signals on the reverse setup 
channel or in the reverse voice channel and provides the information in digital form to 
a decoder block 92. The processing/decoder block 92 T^rforrns any intericaving, 
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decrypting, channel decoding, speech decoding and/or de-multiplexing of the 
information signals from the demodulator 90 as would be understood by one of skill 
in the art The voice signals are converted from digital to analog at block 94, 
amplified at block 96 and output to the user at speaker 98. Data signals, such as 
5 location information requests from the serving base station can be provided to the 
processing circuitry which can act on the request Other date can be displayed on a 
display 100 or accessed by the user interfacing with a keypad 102. 

FIG. 5 shows a flow diagram of one embodiment of a system for storing 
location and associated information in the RF coverage storage or database 52 (FIG. 
1 0 2) sent from the wireless unit 54 (FIG. 2) to the serving base station 56 (FIG. 2) 
and/or determined at the serving base station 56 (FIG. 2) according to the principles 
of the present invention. At block 1 10, a local storage or database 1 12 (FIG. 2 is 
initialized from a main database 52 (FIG. 2) connected to the MSC 58 (FIG. 2). The 
data is received and stored by position (latitude and longitude coordinate) with some 
15 tolerance (+A distance or area encompassed by the latitude and longitude coordinate). 
The positions in the local database 1 12 can designate the positions making up the 
coverage area(s) for the serving base station for a particular set(s) of parameters or 
information. Additionally, for a position, the manner in which the serving base 
station services the wireless unit at mat position can be detennmed, for example the 
20 transmit powers for the serving base station and the wireless unit at the designated 
frequencies using information by location structured as in FIG. 3C. 

In certain embodiments, when a wireless unh registers or is to inmate a call or 
receive a call, the wireless unit 54 (FIG. 2) transmits location information to the 
wireless co mmunicati ons system, and based on the location information and a 
25 comparison of the local database U2 for the serving base statkm, tte 

11 2 of the MSC 58 (FIG. 2), or mformation derived therefrom, the serving base 
station 56 is determined which currently services the particular location for the 
wireless unit 54 (FIG. 2) given the particular conditions or parameters, such as the 
date, the weather, the particular mobile identification number, and/or traffic load of 
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the candidal© base stations). For example, when a wireless unit registers with the 
local base station upon powering up, the wireless unit sends location information and 
wireless unit identification information. When the wireless unit detects a stronger 
base station, the wireless unit again registers and provides location information and 
5 wireless unit identification. The local base station can forward this information to the 
MSC S 8 such that the location of the particular wireless unit 54 (FIG. 2) is known at 
the MSC 58 and the number of pages, time and processing required to lo cate a 
wireless unit and determine the serving base station(s) for an incoming call is 
reduced. Additionally, if the wireless unit i« te rminating nr originating » call, **** 
1 0 wireless unit can send location information in a setup message over a setup channel to 
local base statkm(s), and the local base stations) can examine the location 
information and through a comparison with the local database(s), the main databases) 
and/or information derived therefrom, the serving base station is determined and/or 
the forward link and/or reverse link frequencies for the wireless unit at that location 
15 and given any additional parameters. 

Some of the entries from the main database 52 (FIG. 2) can be ignored, 
discarded, de-emphasized or altered by the main database or the receiving base station 
as not falling within the window set due to when the entry was made and/or the 
current parameters or info Accordingly, 
20 in this embodiment, given a window or operating parameters or conditions, a local 
database 1 12 in the serving base station can be initialized with at least location entries 
for locations in the coverage area of the serving database corresponding to the current 
set of conditions or parameters. Given a change in the window or operating 
conditions, the local database can be initialized with information by location 
25 corresponding to the new set of parameters or a subset of the location by information 
corresponding to the new set of parameters in the local ^pHiwr can be used. If 
wireless unit identity is a parameter, a coverage area of locations could be established 
for each wireless unit 
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At block 113, the MSC 58 (FIG. 2) requests the serving base station 56 (FIG. 
2) and/or any neighboring cells 60a-h to monitor the call and directly update or 
supplement the local database 1 12 of the serving base station and/or the local 
database^) 1 14a-h of the neighboring base station 60a-b with information by location 
5 of the wireless unit 54 (FIG. 2) and by other parameters if desired, such as type of 
wireless unit, the wireless unit identification information and/or the transmit 
frequency. During the call or if the call is active at block 1 15, the serving base station 
56 (FIG. 2) and/or the neighboring base stations) 60a-h can query the wireless unit 
54 at block 1 16 for data, such as location information and associated information or 
10 measurements. The serving cell can send signal quality measurements which can be 
associated with the location information and other parameters, such as the wireless 
unit identification, time period, date, forward or downlink traffic frequency, reverse or 
uplink traffic frequency or other channel frequency. The signal quality measurements 
of any reverse link frequencies can be made at the serving base station while signal 
1 5 quality measurements for any forward link frequencies can be performed at the 
wireless unit and transmitted back to the serving base station. 

The neighboring base stations 60a-h can be requested by the serving base 
station through the MS C 5 8 (or the request can be made directly if a link exists 
between base stations) or by the MSC 58 to monitor the wireless unit transmit 
20 frequency for location information, and the neighboring base stations) 60a-h makes 
signal quality measurements of the received signal from the wireless unit by location. 
Depending on the embodiment, the wireless umt could also perform signal quality 
measurements by location of a received signal from the neighboring base stations) 
60a-h. For example, the serving base station can scud to the wireless unit forward 
25 link chaimel(s) to monitor the forward link channels) by location. The wireless unit 
measures the signal quality, such as received signal strength, of the forward link 
channels) in association with location. The measurements by location could be sent 
to the serving base station and/or directly to the corresponding neighboring base 
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station^) 60a-h to be stored in or processed at the serving base station, the MSG 
and/or neighboring base stahon(s). 

Depending on the implementation, the wireless unit 54 can periodically send a 
location message or autonomously send a location message, for example based on a 
change in location, to the serving base station and/or the neighboring base station(s). 
Alternatively, the serving and/or neighboring base station^) can send trigger 
positions to the wireless units or send requests to the wireless unit based on trigger 
positions which trigger the wireless unit to send location information with associated 
information or measurements to the serving and/or neighboring base station(s). The 
position triggers could correspond to locations for which the RF coverage system has 
determined information is desired, for example locations which correspond to a 
"hole" in the RF coverage. When a wireless unit is near a hole in the RF coverage, a 
position trigger can be tripped by the location information for the wireless unit, and 
the wireless unit can collect information by location and transmit the information by 
location back to the serving and/or neighboring base stations 60a-h in location 
messages. Depending on the embodiment, if a location trigger is matched by the 
location information or for other reasons, the location information and associated 
information can be collected at a higher rate. The location information and the 
associated measiirements or information can be stored in the wireless unit and 
subsequently sent to the serving and/or neighboring base station in case of an 
interruption in the call while the wireless unit is in the hole. In fact, the information 
by location can be stored in the wireless unit and sent to the serving base station 
and/or another base station in the form of location messages or a location report when 
the wireless unit is subsequently connected with the wireless communications system. 
The receiving base station can store the location messages in the local database 112 
and/or forward the location messages to the appropriate MSC or serving base station 
depending on the location. 

When a location message, including location information (which can include 
information to determine wireless unit location) and associated measurement or other 
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information, is received, the serving base station 54 updates the local database 1 1 2 
and checks at block II 8 for a possible handoff to a neighboring cell 60a-h. If a 
handoffis necessary, the current serving cell can handoff the call to a neighbor cell 
60a-h at block 120, tear down the call at block 122 and inxiate the main database 52 
5 (FrO. 2) at block 1 24 with the information obtained during the call and stored in the 
local database 112. If no handoff U required, the serving base station updates the 
local database 1 12 at block 126 and continues monitoring the active call by querying 
the wireless unit for data at block 116. If the call is over at block 115, the serving 
base station can tear down the call at block 122 and update the main database 52 
10 (FIG.2 ) using the entries in the local database^) 112 or U4a-h. 

Depending on the implementation, the serving base station 56 which hands off 
die call to become a neighboring base station can continue to monitor the call as a 
neighboring base station. Additionally, when the call is complete or when desired, 
for example if the local database is full, the local aau*base(s) 1 12 and 1 14 a-h (FIG. 
15 2), can transfer the local database entries to update the main database 52 (FIG. 2). 

To perform a handoff by checking the location information in the location 
message, a handoff can be performed using location information according to U.S. 
patent application Ser. No. XX/XXXXXX filed concuxrenUy with this application, 
assigned to the same assignee and entitled "System for Performing Handoflb Using 
20 Location Information For the Wireless Unit," herein incorporated by reference. For 
example, the location information for the wireless unit can be examined relative to 
location information in the main and/or local database or information derived 
therefrom where entries for a particular location include entries from neighboring 
base stations which are candidates to service the particular location or which are 
25 c an di d a t es to be handed off to depending on the set of operating parameters and 
information or measurements made at the location relative to the candidate base 
stations. Alternatively, depending on how the information by location is processed or 
structured, information by location can include a field identifying a candidate base 
stations) to which a wireless unit at a particular location is handed off. 
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In soma embodiments, the MSC uses the location information to determine 
whether the wireless unit is to be handed off and a best candidate for the wireless unit 
to be handed off. The MSC can determine which base station to handoflfto by 
e x a mining a handoff location information for the serving base station. The handoff 
5 location information can include different positions or regions within the serving cell 
and for the different positions or regions, the corresponding best candidate or 
candidate base station to be handed off to for a wireless unit in the particular position. 
The handoff location information can be derived from the measurements or 
information made by wireless unit location and relative to the serving and candidate 
10 or neighboring base stations. The MSC can examine the capacity of the handoff 
can d idates in determining whi ch is the best candidate for the wireless unit in the 
particular position. Additionally, depending on the embodiment, the speed and/or 
direction of the wireless unit can be included in the location information and be used 
by the MSC in determining which U the best candidate to handoff the wireless unit at 
15 the particular position traveling at a particular speed and/or direction. 

Alternatively, the determination of the best pjwHi Hutf to handoff the wireless 
unit to can be performed at the wireless unit, serving base station and/or at the MSC. 
For example, the serving base station can provide the best candidate after examining 
the location information relative to the measurements or information made by 
20 location and relative to the serving base station and candidate base stations or provide 
a plurality of candidates from which the MSC chooses the best candidate 
Alternatively, the MSC can receive the location information and make the 
determination of whether to handoff the wireless unit and to which candidate base 
station using the location information and information associated with the location for 
25 the candidate or neighboring base stations. Furthermore, the handoff system can 
determine that more location information is desired to select the best candida te base 
station. If the wireless unit is to determine whether a handoff is to be made and/or the 
best candidate base station, handoff location information can be provided to the 
wireless unit which monitors its location relative to the handoff location information. 
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In accordance with an aspect of the present invention, the information by 
location in the RF coverage database is manipulated, analyzed and/or used to change 
the RF coverage for a location or particular locations. For example, to correct path 
loss changes at certain locations or poor service locations which are being detected, 
3 the transmit power of the serving cell and/or neighbor cells could be adjusted when 
cc^nmunicating with wireless units in those locations. Signal path loss could increase 
or decrease at a slow or fast rate. Path loss changes occur when objects are in the 
linc-of-sigfat between the transmit and receive mt fl mm and can occur for example 
due to building construction or destruction or due to highway traffic which is present 
10 or absent The RF coverage system can record path loss as a field for a location and 
be used to react to the path loss changes. A determination of the base station(s) to 
service a particular location and how, for example the transmit power used, can be 
based on or a function of the information stored by location in the RF coverage 
system. As such, if a location is subject to high path loss, the transmit power fw n^ 
IS serving base station can be determined using information by location. If a locations) 
within a cell is detennincd to be better served by a neighbor base station, the wireless 
unit(s) in a location or range of locations within a serving cell could be serviced by a 
neighbor base station and/or transmit powers adjusted tor the serving base station 
and/or the neighbor base stations) accordingly. 
20 FIOs. 6A and 6B show an example of how the system using the RF coverage 

database can provide correction of poor service resulting from an increase in path loss 
ma particular coverage area. For example, tf Location information with associated 
information is collected over a period of time v an RF coverage database or map is 
generated which includes an RF coverage area 130. In this embodiment, the base 
25 station for sector or fece 1 of Cell A uses frequency Fl in the RF coverage area 130. 
Although Cell B does not use frequency Fl , the base stations) for Cell B has been 
collecting data on frequency Fl in the RF coverage area 130. As shown in FIG. 6B, 
as time passes a building or obstruction 132 is erected at position PI which changes 
the RF coverage for frequency Fl from Cell A because the obstruction 132 interferes 



" (43) k1 



0 0 1 



19 

with the signals at frequency Fl in the geographic region 133. The obstruction 132 
could also be a cluster of trees in the spring and summer which have grown leaves. 
Since the RF database is constantly being updated with serving cell and wireless unit 
signal information by location, at some point the coverage area 130 for Cell A at 
frequency Fl changes to the RF coverage area 134. A call being established at a 
position in the coverage area 1 3 0 but railing out of the new coverage area 1 34 would 
be handled by a neighbor cell, such as Cell B, which has monitored die RF coverage 
area 1 30, and the MSC 58 has determined based on an analysis of the measurements 
by location between Cells A and B that Cell B should handle calls established at 
positions within the coverage area 1 30 but outside the new coverage area 134. For 
example, for a given set of parameters, the positions in the area 1 33 can be designated 
as being covered by Cell B rather than Cell A if the signal quality measurements for 
Cell B in the area 133 are consistently greater than a threshold and/or man the signal 
quality measurements of the Cell A in the area 133 orif the path loss fiomCeUB to 
the positions in area 133 is determined to be less than the path loss from Cell A to the 
positions in area 133. Alternatively, by analyzing the information by position and 
another parameter, such as frequency, the MSC 56 can determine a frequency F2 at 
which the Cell A and/or Cell B can service wireless units in the positions 133 within 
the coverage area 130 but outside the coverage area 134. 

If the traffic load and/or interference level for a serving base station increases, 
the RF coverage system can be used to change the RF coverage by providing 
information by location which can be used to derive or determine RF coverage for a 
location. FIGs. 7A and 7B show an example of how the system using the RF 
coverage database can provide dynamic or automatic determination of RF coverage 
between particular base stations 140 and 142. For example, if location information 
with associated information is collected over a period of time, an RF coverage 
database or map is generated which provides an RF coverage area 144 for a base 
station 140 and a RF coverage area 145 for the base station 142 depending on certain 
parameters, such as traffic load(s) for the base station^) 140 and/or 142. Given the 
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traffic load and any other parameters), the MSC 58 (FIG. 2) determines the 
corresponding coverage areas 144 and 145 for the base stations 140 and 142 
respectively. The MSC 58 (FIG. 2) can send the corresponding positions to the local 
databases of the base stations 140 and 142. If the traffic load measurements of the 
S base station 140 and the base station 142, which can be measured by interference 
levels within the geographic area 144 and/or 145, remain at that particular level, a 
wireless unit 1 46 on a highway 1 47 or a wireless unit 1 48 on a road 1 50 within the 
geographic area 144 establishes a call with the serving base station 140. The wireless 
unit 146 or 148 accomplishes this by sending a location message used to locate the 
10 wireless unit 148 or 148. Given the location of the wireless unit 146 or 148, the 
serving base station 140 and/or the MSC determines that the base station 140 acts as 
the serving base station for the current set of parameters or operating conditions. 

If the traffic load increases, for example the traffic on the highway 147 
increases dramatically as shown in FIG. 7B, the coverage area 144 corresponding to 
15 the base station 1 40 is reduced or changed as reflected by the iiifonnation in the local 
database of the serving base station 140 or the information in the local database is 
updated from information in the main database of the MSC 58 (FIG. 2), or the 
information in the main database which the MSC 5 8 maintains to dyiiamically change 
the coverage of base stations 140 and 142. Additionally, the coverage area 145 for 
20 the base station 1 42 is increased to encompass the position of the wireless unit 148 on 
the road 150. Alternatively, the coverage area can automatically change during 
certain times, for example from 3PM to 6PM, or due to anticipated changes in the 
operating conditions. Depending on the embodiment, an existing call established 
between the wireless unit 148 and the base station 140 can be handed off to the base 
25 station 142 or the call is allowed to end with the serving base station and any new 
calls initiated or terminated within the new coverage area 145 are established through 
the base station 142 as the serving base station. 

In another application, the RF coverage system can be used in cxmjunction 
with a dynamic channel allocation scheme to determine the appropriate coverage for a 
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geographic area and/or a particular location. Dynamic channel allocation refers to the 
borrowing of carriers or frequencies by base stations needing additional capacity. 
When a base station borrows the frequency from another base station, the local RF 
coverage is affected by this additional frequency through co-channel interference and 
5 adjacent channel interference. As such, the borrowed frequency might bring it close 
to the use of the same frequency in a different cluster of cells (thereby causing co- 
channel interference) and may affect carriers used by other base stations with 
frequencies close to the borrowed frequency (thereby causing adjacent channel 
interference). The power used at the location of a wireless unit for the borrowed 
i o carrier also has a significant effect on the level of co-channel or adjacent channel 
interference. 

FIG. 8 shows how the RF coverage system can be used to select a frequency 
and a power to transmit at the frequency for a location in a geographic area covered 
by overlapping coverage areas 160 and 162. For example, the coverage area 160 is 

15 defined as a set of positions for which the base station of sector 1 in Cell A provides 
coverage over a set of frequencies, and the coverage area 162 is defined as a set of 
positions for the base station of sector 2 in Cell B over a different set of frequencies. 
In this example. Cell A is one of a cluster of N«7 field of cells which supports 
frequencies Fl t F2,naaiF4m sector 1 m 160. Cell Bis in a 

20 different cluster ofN-7 cells which supports frequencies F5, F6, F7 and F8 on sector 
2 in geographic coverage area 1 62. The cells A and B have a dynamic channel 
allocation feature where a frequency can be moved from another cell if capacity is 
needed. Accordingly, if the traffic dernand in,Ceil B increases, Cell B can borrow 
frequency Fl and transmit on frequency Fl on sector 2 of cell B. As such, a co- 

25 channel mterference is caused in the geographic coverage area 160 which degrades 
the quality of fteouency Fl being used by Cell A fro loca 
by the intersection of area 160 and area 1 62. Since the RF coverage database is 
constantly updated, the coverage area for sector 1 of Cell A taking the additional 
parameter of rretruency Fl is detennmed using the information by location to exclude 
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the locations in the area created by the intersection 164 of area 160 and 162. Thus, 
the base station for cell A or sector 1 does not use frequency Fl for locations in area 
164. 

Furthermore, using the example of FIG. 8, if the coverage area 160 for sector 
3 1 of Cell A intersects with the coverage area 1 62 of sector 2 in Cell B, the base station 
for Ceil A could send a message to the base station of Cell B (through the MSC or 
directly depending on the embodiment) requesting the base station for Cell B to lower 
the transmit power of frequency Fl a small anwimt at a time unffl 
adjacent channel taterference disappears from the geographic area 160. As such, the 
10 coverage area for sector 1 of Cell A for frequency Fl can be the same as the coverage 
area 160 and the coverage area for frequency Fl in sector 2 of cell B can be the same 
as the geographic area 16Z Thus, frequencies borrowed for a particular location can 
be transmitted at a power determined to provide an adequate level of signal quality 
while reducing the co-channel or adjacent channel interference produced by the 
15 borrowed frequency. 

In addition to the embodiment described above, alternative configurations of 
the RF coverage system according to the principles of die present invention are 
possible which omit and/or add components and/or use variations or portions of the 
described system. The manner of measuring, determining, monitoring, transferring, 
20 storing and/or sending location mformation and/or associated information depends on 
the particular embodiment Additionally, once the mformation associated with the 
position of the wireless unit is stored, the resulting RF coverage database can be 
manipulated, analyzed and/or used in different ways withm the wireless 
communication system depending on the particular application. The location 
25 information can be stored in a variety of manners and locations, and in being used by 
the wireless communications system to determine RF coverage, the manner in which 
the mformation is stored manipulated, augmented and deployed within the wireless 
communications systems can also vary. 
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For example, if the RF coverage system stores information by location and 
wireless unit type, such as vendor type and/or model, the RF coverage system can be 
used to identify the service quality of wireless units by vendor. As such, information 
in the RF coverage system can be used to derive or determine how a wireless unit of a 
5 certain type is to be serviced at a particular location. If the embodiment of the RF 
coverage system obtains information by location and wireless unit identity, such as a 
wireless unit identification number, electronic serial number or phone number, the 
information obtained by the RF coverage system can be used to derive or determine 
how a particular wireless unit is to be serviced at a particular location. Additionally, 
10 if the RF coverage system obtains information by location and wireless unit identity, 
the information obtained by the RF coverage system can be used to identify a rogue 
wireless unit A rouge wireless unit is a wireless unit that is not orjeratmg properly, 
for example transmitting at a higher power level than provided tor in the wireless 
communications system. The subscriber is unaware of any service problem, but the 
15 wireless unit causes other wireless units to lose signal quality. By storing the wireless 
unit identity in association with signal quality measurements tor the wireless unit 
and/or time, the identity of the rogue wireless unit could be determined. 

Depending on the embodiment, components of the RF coverage system and/or 
the wireless communications system can be added, moved, changed or ornitted. For 
20 example, the RF coverage system as described can be implemented in a TDMA 

system, but the RF coverage system can be used with other wireless commimications 
systems based on other radio protocols, such as CDMA, Global System for Mobile 
Communications (GSM), and/or Advanced Mobile Phone System (AMPS). The RF 
coverage system and portions thereof can be distributed at different locations 
25 throughout the wireless coirmiuzikaraon system, such as the wireless unit, the serving 
base station, the MSC andVor the neighboring base stations. An embodiment of the 
RF coverage system has been described with a GPS system to determine location 
information at the wireless unit. Any other inethod to deterrnine the location of the 
wireless unit can be used, such as differential GPS or triangulation methods in which 
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signals from the wireless unit are received at different base stations and the delays 
between the received signals enable the location of the wireless unit to be determined 
through triangulation. Moreover, location has been given in terms of latitude and 
longitude, but other ways to designate location or an area can be used. 
5 As would be understood by one of ordinary skill in the art, difierent forms and 

kinds of location information can be used in the RF coverage mapping process to link 
or associate a particular location with associated information, such as signal quality 
information, and other parameters, such as a particular base station, traffic load and 
frequency. Additionally, the location information and associated information stored 
10 in the wireless communicationa system can be manipulated or updated. Moreover, 
the location information and associated information can be modified or provided to 
the wireless communications system in different form so long as the location 
information and associated information is derived from the corresponding location 
iiitonnation and associated information. Furthermore, the RF coverage system can be 
15 implemented in different configurations and portions thereof can be implemented in 
application specific integrated circuits, software-driven processing circuitry, firmware 
or other arrangements of discrete components as would be understood by one of 
ordinary skill in the art with the benefit of this disclosure. What has been described is 
merery iUustrative of the application of the principles of the present invention. Those 
20 skilled in the art will readily recognize that these and various other modifications, 
arrangements and methods can be made to the present invention without strictly 
following the exemplary applications illustrated and described herein and without 
departing from the spirit and scope of the present invention. 
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A system for determining coverage in a wireless communications systems 
uses location information for a wireless unit and collects mfonnatkm on 
communications between the wireless unit and the wireless communications system 
in association with the location information. The wireless comniunications system 
determines and/or receives location information for the wireless unit along with other 
information associated with the location information. The information by location can 
be used to represent the coverage of a geographic region. For example, during 
communications between a serving base station and a wireless unit, the serving base 
station could receive and/or determine signal quality measurements of a forward link 
15 and/or of a reverse link at a particular location. Admtionally, neighboring base 
stations can monitor the communications and determine and/or receive location 
iiiformation for the location of the wireless unit along with the information associated 
with or corresponding to the location of the wireless unit The associated uoformation 
can be linked with addmoiial parameters, such as wireless unit type, wireless unit 
identity, frequency, operating conditions and/or base station identity. In accordance 
with other aspects of the present invention, the information and/or measurements 
stored by focation can be used to derive additional andVor different information by 
location or determine how the wireless communications system communicates with a 
wireless unit at a location, for example the base station to service the wireless unit at 
the location. A wireless unit in a location or range of location(s) could be served by a 
serving base stations) at a certain transmit power and frequencies given certain 
operating conditions or parameters, such as tune, weather, traffic load, path loss 
and/or interference level. A change in operating condition could trigger a dynamic 
change in the RF coverage provided by the serving base station^) and/or neighboring 
30 base stations to the wireless unit(s) in the location or range of locations. 
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